H eart failure (HF) results in substantial morbidity, mortality, and healthcare expenditures. [1] [2] [3] African Americans are at increased risk for developing HF and experience worse outcomes post-HF development. 4, 5 Beyond angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs), beta-blockers, and aldosterone antagonists use in patients with heart failure with reduced ejection fraction (HFrEF), [6] [7] [8] [9] [10] [11] [12] [13] clinical trials have established incremental benefit with hydralazine-isosorbide dinitrate (H-ISDN) therapy in African American HFrEF patients in terms of mortality, morbidity, and quality of life. In addition, data in non-African American HF patients with H-ISDN are encouraging, with proven benefits in terms of remodeling and exercise tolerance, but not on hard outcomes such as mortality and morbidity. [14] [15] [16] Both the American College of Cardiology/American Heart Association and Heart Failure Society of America guidelines recommend H-ISDN as a part of standard therapy for self-identified African American patients with HFrEF. In addition, these guidelines also recommend H-ISDN therapy to be considered in non-African American patients with HFrEF who remain symptomatic despite optimized standard therapy. 17, 18 Despite these guideline recommendations, there are very few contemporary studies regarding the utilization of H-ISDN in real-world practice. The Get With The Guidelines-Heart Failure (GWTG-HF) program is a national quality improvement program designed to promote adherence to guideline-based medical therapies. 19, 20 Using data from GWTG-HF, we conducted an analysis to examine contemporary use of H-ISDN in the overall cohort of HFrEF patients and then specifically in self-identified African American patients hospitalized with HFrEF, temporal trends in H-ISDN use over time, and patient and hospital factors associated with H-ISDN prescription.
Methods Data Collection
GWTG-HF is an ongoing prospective registry and quality improvement program initiated in January 2005 by the American Heart Association. 19, 20 Participating hospitals include institutions from all regions of the United States and represent community hospitals as well as tertiary-care referral centers. The registry enrolls adults hospitalized with new or worsening HF as the primary diagnosis or with significant HF symptoms that develop during the hospitalization for which HF is the primary discharge diagnosis. Data collected include demographic and clinical characteristics, comorbidities, previous therapies and interventions, laboratory values, pharmacological and nonpharmacological interventions, contraindications to evidence-based therapies, and in-hospital outcomes. Patient's self-identified race (American Indian or Alaska Native, Asian, African American or black, Native Hawaiian or Pacific Islander, white, or unable to be determined) and ethnicity (Hispanic, yes, no, or unable to be determined) is registered. Hospital personnel are trained to use standardized definitions. All participating institutions are required to comply with local regulatory and privacy guidelines and to obtain approval from their institutional review boards before participation. As data are primarily collected for quality improvement purposes, all sites are granted a waiver for informed consent under the Common Rule. 
Outcome and Definitions
The primary outcome was prescription rate of H-ISDN in HFrEF patients at discharge in (1) African Americans patients and (2) the entire study population irrespective of race/ ethnicity. We also studied the temporal trends in the use of H-ISDN over the study period (2008-2012), variation in use of H-ISDN across hospitals, patterns of use at various times (eg, newly started, discontinued or continued during hospitalization, or at discharge), and factors associated with its use.
Statistical Analysis
Data were compared between patients prescribed and not prescribed H-ISDN using chi-square tests for categorical data and Wilcoxon rank sum tests for continuous variables. [9. 8%] among other race/ethnic group patients). In the entire cohort, the discharge prescription of H-ISDN was more common among those patients with H-ISDN from before admission (1469 of 1818, 80.8%). This is in comparison with discharge prescription of H-ISDN in patients without H-ISDN before admission (4046 of 42 080, 9.6%). In the African American subgroup, the discharge prescription of H-ISDN was 84.6% versus 17.3% in those with versus without H-ISDN before admission. Table 2 shows hospital characteristics, American College of Cardiology/American Heart Association performance measures, and GWTG-HF quality measures stratified by H-ISDN use. Patients discharged with H-ISDN were more likely to be treated at academic medical centers, hospitals with surgical capabilities, and those with a greater number of beds.
At the time of discharge, the use of H-ISDN in eligible patients varied widely by hospital. The mean rate of H-ISDN use in 167 hospitals with ≥10 eligible patients was 12.1%, with a median (25th, 75th percentiles) of 9.6% (4.4%, 15.1%) ( Figure 1 ). Among 90 hospitals with ≥10 African American eligible patients, mean H-ISDN rate among all patients was 13.6%, with a median (25th, 75th percentiles) of 11.6% (7.7%, 17.2%) ( Figure 2 ) and mean rate of 21.0% with a median (25th, 75th percentiles) of 19.2% (12.1%, 26.3%) among African American patients. Table 3 shows the patterns of use at the time of admission, hospitalization, and discharge. Of the patients already on H-ISDN before hospital admission, 61.3% had H-ISDN continued through the entire hospitalization, 19.5% had it stopped during hospitalization but restarted at discharge, whereas 11.6% had H-ISDN stopped at discharge. Among African American patients on H-ISDN before hospitalization, 63.7% had it continued through discharge, whereas 8.9% had it discontinued at discharge. Among patients not on H-ISDN at the time of admission, only 3.6% had H-ISDN initiated at the time of discharge in the entire cohort; among African American patients, this figure was 6.5%. Table 4 shows the patterns of H-ISDN use among HF patients with documented contraindication/intolerance to ACEIs/ARBs. The percentage of African American HFrEF patients with documented contraindication/intolerance to ACEIs/ARBs who were not receiving H-ISDN before hospital admission was 85.5%. In this patient group, H-ISDN therapy was initiated in 25.3% during hospitalization and started in another 11.8% of patients at the time of hospital discharge. Table 5 demonstrates independent patient and hospital characteristics associated with H-ISDN prescription. In the overall population, factors associated with H-ISDN use were younger age, male sex, African American/Hispanic race, and history of diabetes mellitus, hypertension, implantable cardioverter defibrillator implantation, heart failure, anemia, renal insufficiency, higher systolic blood pressure, and lower heart rate. On the other hand, patients with a history of smoking and on chronic dialysis had lower use of H-ISDN at discharge. In African American patients, factors associated with H-ISDN use were similar except that being uninsured was associated with lower use, and history of chronic obstructive pulmonary disease was associated with higher use (Table 6 ). Furthermore, when prior use of H-ISDN before discharge (either before admission or during hospitalization) was included in the model for overall population, age, history of hypertension, and chronic dialysis were no longer significantly associated factors, and the strength of association decreased for those other significant characteristics for the overall population. Figure 3 shows the temporal trends in the use of H-ISDN over time. H-ISDN prescription increased over 4 years in the overall population from 10.1% in 2008 to 13.3% in 2011-2012 (P<0.0001). This trend was significant in both African American (16.6% to 25.0%, P<0.0001) and white (7.2% to 9.3%, P=0.0004) patients, whereas statistically nonsignificant trends were noted between Hispanic and other race/ethnic groups.
Discussion
Both the American College of Cardiology/American Heart Association and the Heart Failure Society of America HF management guidelines recommend the use of a fixed-dose combination of H-ISDN added to a standard medical regimen for HF, including ACEIs and beta-blockers, in self-identified African American patients with symptomatic HFrEF (class I, level of evidence B). In addition, H-ISDN use is also recommended in non-African American patients who remain symptomatic on optimized medical therapy (class IIb, level of evidence C). 7, 18 In this cohort of >40 000 patients with HFrEF, we demonstrate that <15% of the overall cohort and <25% of the eligible African American patients were prescribed H-ISDN therapy at the time of discharge. Prescription of H-ISDN varied at discharge widely across hospitals and according to patient characteristics. When compared with reports from prior registries, the findings of this study suggest higher rates of treatment with H-ISDN. Reports from the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure registry from 2003 to 2004 showed that only 4.5% of African American patients and 2.6% of white patients hospitalized with HF were discharged with prescriptions for H-ISDN. 21 In addition, Improving Evidence-Based Care for Heart Failure in Outpatient Cardiology Practices registry data, which studied the use of evidence-based medical therapy in outpatient cardiology practices, demonstrated that the mean prescription rate for H-ISDN was only 7.3% in African American patients with HFrEF. 22 Together, these findings suggest that the use of H-ISDN in eligible patients with HFrEF has improved over time but still is low during hospitalization, low in the transition from the hospital to the outpatient setting, and low during longitudinal follow-up in outpatient practices. The small but statistically significant increase in the use of H-ISDN over the study period among American Americans could potentially be explained by participation in the GWTG-HF quality improvement registry among other factors. Although the African American Heart Failure Trial proved the effectiveness of H-ISDN in self-identified African American patients, there has been greater uncertainty regarding the efficacy of H-ISDN in other race/ethnic groups. 16 Mullen et al 23 demonstrated that H-ISDN when added to ACEIs/ARBs was associated with a favorable hemodynamic profile and long-term clinical outcomes in HFrEF patients with acute decompensated HF, regardless of race or ethnicity. However, prospective randomized, double-blind, placebo-controlled outcome studies with H-ISDN added to other contemporary HF therapies are lacking in non-African American patients with HFrEF. Thus, the usefulness of routine use of H-ISDN in non-African patients with HFrEF is far from certain. In our study, when H-ISDN use was stratified among different racial/ethnic groups, the prescription of H-ISDN at the time of discharge as expected was lower for Hispanic patients, white patients, and other race/ ethnic groups compared with African American patients. 17, 18 Chronic renal failure was identified as 1 of the most important predictors of H-ISDN use among African American patients with HFrEF (2.33, adjusted OR, 2.02 to 2.69; P<0.0001) as well as the overall cohort. This suggests that H-ISDN is being applied in patients who were or are perceived to be intolerant to ACEIs. It is also notable that patients who were prescribed H-ISDN were less likely to receive ACEIs at discharge. Although the prescription of H-ISDN increased over time in GWTG-HF, its use among African American HFrEF patients was unacceptably low considering the conclusive clinical trial evidence demonstrating substantial reductions in all-cause mortality and hospitalizations with H-ISDN use. More importantly, our results indicate that the prescription of H-ISDN at discharge was significantly higher in patients already on H-ISDN before the time of admission, whereas in patients without prior H-ISDN, only 8.5% had this therapy initiated during the hospitalization, and 3.6% had this therapy initiated at the time of discharge. These data demonstrate the reluctance to initiate H-ISDN therapy in eligible patients as opposed to continuing the therapy in patients already on H-ISDN. However, data with multiple drugs in both patients with HF and patients with acute myocardial infarction demonstrate that by far the best predictor of long-term adherence with therapy is prescription at the time of hospital discharge. Although there have been no specific clinical 5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59  61  63  65  67  69  71  73  75  77  79  81  83  85  87 trials performed with H-ISDN therapy among HF patients hospitalized with HF, the cumulative clinical trials and observational data suggest that hospitalization provides a potential opportunity to improve adherence with this therapy.
If this cannot be achieved during the hospitalization, a mandatory follow-up visit with instructions to consider adding H-ISDN therapy in African American patients with HFrEF may be warranted. Medication initiated at hospital discharge 675 (6.5)
H-ISDN indicates hydralazine-isosorbide dinitrate. Medication initiated at hospital discharge 215 (11.8) Slow adoption of H-ISDN use by hospitals and clinicians is likely multifactorial. Lack of monitoring of H-ISDN use, because it is not an HF performance measure selected by The Joint Commission/Centers for Medicare and Medicaid Services or the American College of Cardiology/American Heart Association, could partially explain its limited uptake in clinical practice. Despite a mean systolic blood pressure of >120 mm Hg in the treatment arm of the African American Heart Failure Trial, about 30% of the patients taking H-ISDN reported dizziness. This along with other side effects, which may be more prominent in the real-world population, which tends to be older, has multiple comorbidities, and is on polypharmacy, could also contribute to diminished use of H-ISDN in practices. In addition, many HFrEF patients, especially those with severely depressed ejection fraction, tend to have low baseline blood pressure, especially when receiving other guidelines-recommended therapy, which may deter providers from prescribing H-ISDN because of concern for hypotension. Three-times-a-day dosing may also affect both prescription and adherence. Many HF patients have erectile dysfunction and desire to use medications like sildenafil, which limits the concomitant use of nitrate therapy.
In the case of branded fixed-dose combination of H-ISDN (BiDil), cost may be an important consideration and may explain the low use of H-ISDN in the uninsured African 
Limitations
Our study has several limitations. The data collection was dependent on the accuracy and completeness of data abstraction from medical chart review, particularly because eligibility for care metrics is based on documentation. In addition, measured and unmeasured confounding factors may have affected results. The doses of hydralazine and nitrates that patients were discharged home on were not recorded. We did not have information about why H-ISDN was discontinued or not started in the absence of documented contraindications or intolerance. This should be evaluated in future studies. Because our data set also did not include longitudinal follow-up, a portion of eligible patients may have been started on H-ISDN as outpatients, underestimating its real use. However, previous data suggest that if a medication is not started at the time of discharge, the subsequent new prescription rate in the outpatient setting for ACEIs and beta-blockers is very low. 24 With the large number of patients studied, some statistically significant differences may be of questionable clinical relevance and should be interpreted with caution. Finally, GWTG-HF hospitals were self-selected and may not be representative of all hospitals in the United States.
Conclusions
Hydralazine-isosorbide dinitrate use in eligible African American patients with HFrEF remains very low in real-world practice despite clinical trial evidence and incorporation of these data into recommendations by multiple professional guidelines for many years. Moreover, H-ISDN use varies widely by hospital. Although its use has increased over time from 2008 through 2011, it has nevertheless remained <25%, even in African American patients with HFrEF. Given the substantial morbidity and mortality faced by patients with HFrEF and the established efficacy of H-ISDN among African American patients, aggressive measures to facilitate adherence to H-ISDN should be sought.
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